INTRODUCTION
The genus Hieracium L. in the narrow sense ( Hieracium subgen. Hieracium ; Sell, 1987) contains herbs distributed mainly in the temperate regions of the northern hemisphere (Zahn, 1921-23; Sell & West, 1976) . It is well known as a genus with widespread agamospermy (seed apomixis), giving rise to a very large number of variants that have been described as species (narrow species concept) or subspecies (broad species concept). Agamospermy is closely associated with polyploidy; the great majority of taxa are either triploids (2 n = 27) or tetraploids (2 n = 36) (Schuhwerk, 1996) . Sexuality is rare and is confined to a few diploid species (e.g. Merxmüller, 1975; Chrtek, Mráz & Severa, 2004) .
Two kinds of species in the broad sense ( = species groups) are traditionally distinguished: (1) basic species ('species principales', 'Hauptarten') with a unique set of morphological characters; (2) intermediate species ('species intermediae', 'Nebenarten', 'Zwischenarten') sharing morphologically intermediate position between two or more basic species (Nägeli & Peter, 1885; Zahn, 1921-23) . They are supposed to be a result of past hybridization between two or more basic species.
The Hieracium nigrescens group ( H. nigrescens s.l .), together with the H. atratum group, occupies an intermediate position between the H. alpinum and H. murorum groups (species in the broad sense). Worldwide Zahn (1921-23) recognized 154 subspecies within H. nigrescens (in the broad sense), primarily on the basis of differences in leaf shape and dentation, the indumentum of peduncles and phyllaries, the number of stem leaves and the style colour. Since then, many new taxa mostly at the species rank have been described from the British Isles (e.g. Pugsley, 1948; Sell, West & Tennant, 1995) and from north-west Russia (Üksip, 1960; Shlyakov, 1966 Shlyakov, , 1989 . The total distribution area of the group includes Greenland, Iceland, the British Isles, and through the Scandinavian mountains extending to north-west Russia. In Central Europe the group has a discontinuous distribution at high-altitude locations: the Alps, the highest Sudety Mountains, the Carpathians, and an isolated population in the Harz Mountains (Germany) (cf. Hultén & Fries, 1986 ; map incomplete). Plants of this group are typically found in high mountain grasslands (usually open-canopy), rocky knolls and ledges in gullies and on cliffs.
There have been relatively few chromosome studies of the group. All previously examined plants were polyploid. Tetraploids seem to prevail, while triploids are less common; two pentaploid species are unique within the genus Hieracium (s.s .) (e.g. Chrtek, 1994; Stace et al ., 1995; Chrtek, 1996) . Agamospermy has been reported for H. decipientiforme from the Ukrainian Carpathians (Chrtek, 1997) and is supposed to be a common mode of reproduction in the group. It is widely supposed that the group includes hybridogeneous taxa originated from past crosses between H. alpinum and H. murorum (or their hybrids). It is unknown whether the group is monophyletic or whether particular taxa of this group have originated repeatedly through polytopic hybridization events between different taxa of both putative parental groups.
Both the Sudety Mountains and the Western Carpathians belong to genetic and diversity centres of the Hieracium nigrescens group. In the Sudety Mountains, members of the group occur in the Krkono t e Mountains (the western Sudety), the Hrub y Jeseník Mountains and Mount Králick y Sn |ník (both the eastern Sudety). Results of long-term research (the first studies in the Krkonote Mountains go back to second half of the 19th century) of Hieracium are summarized in Zahn's monographs (Zahn, 1921-23; Zahn, 1936-38) . Zahn (1936-38) recognized five subpecies of H. nigrescens in the Krkonote Mountains, and four in the eastern Sudety Mountains Later on, Zlatník (1938 Zlatník ( , 1939 recognized in the Krkonote Mountains four more or less sympatrically occurring species (in the narrow sense) within the 'group IV'; delimitation of the group is nearly identical to that of the Hieracium nigrescens group. Diversity of high mountain Hieracium species in the eastern Sudety is lower; recent revision of the H. nigrescens group revealed two endemic taxa treated at the species level here (Chrtek, 1995) . More recent taxonomic treatment of the H. nigrescens group in the Western Carpathians is still lacking. Zahn (1936-38) distinguished 11 subspecies within the highest Western Carpathian mountain ranges. Local diversity centres of Hieracium sect. Alpina are situated mostly in the Tatra Mountains. Considering the total distribution range, important studies (apart from Zahn's monographs) come from the British Isles (e.g. Pugsley, 1948; Sell et al., 1995) , Scandinavia (e.g. Elfstrand, 1893 , 1894 Norrlin, 1912; Omang, 1928) and north-west Russia (e.g. Üksip, 1960; Shlyakov, 1966 Shlyakov, , 1989 Zahn (1936-38) as a subspecies of H. nigrescens, is considered here to belong to either the H. rohacsense or H. pietroszense group (owing to stellate hairs on phyllaries). It was therefore excluded from our analyses, except for allozyme analysis (to show its relationship with the H. nigrescens group) and chromosome number counts (necessary for a proper interpretation of the allozyme banding patterns).
The aims of this paper are: (1) to examine the overall morphological variation of the H. nigrescens group in the study area, (2) to assess genetic variation and diversity using allozyme analysis, and (3) to determine chromosome numbers/ploidy levels, and mode of reproduction.
MATERIAL AND METHODS

PLANTS
Plants for morphological studies
Altogether, 12 population samples, of 15 plants each, were collected during 1995-2002. The populations were selected according to previous studies in order to:
(1) include all a priori recognized taxa in the area, except for those very rare and extremely endangered (H. apiculatum, H. nivimontis), i.e. H. chrysostyloides, H. decipiens, H. jarzabczynum, H. nigrescens, H. vapenicanum and 'H. babiagorense'; and (2) to cover the geographical range of the recognized taxa. A list of the population samples is given in Table 1 . The number of populations collected per species ranged from one to three, and reflects the geographical distribution and population abundance. In most cases, only the aboveground part of the plant was carefully removed to allow the plant to survive at the locality. All morphological characters were measured (scored) on herbarium specimens. Voucher specimens are deposited in PRA (plants collected by JC) and in private herbarium of P. Mráz (plants collected by PM).
Plants for allozyme analysis, and karyological and breeding system studies Living plants from the same localities as above (ten plants from each, except of H. koprovanum; see Table 1 ) were collected, transferred to the experimental garden of the Institute of Botany, Pr honice, and cultivated in pots under field conditions. Only leaves were collected in the field for the endangered species H. chrysostyloides and H. nigrescens. In contrast to the morphometric studies, H. koprovanum was also u o included in the allozyme and karyological (chromosome counting) analysis.
PLOIDY LEVEL AND NUMBER OF CHROMOSOMES
Either the chromosome number or the ploidy level was estimated for all the cultivated plants used for the allozyme and breeding system studies (five plants per population, a total of 65 plants). Chromosome counts were made for at least two plants per population. Root tip cuttings of mature plants were used. The material was pretreated with a saturated solution of pdichlorobenzene, fixed in a mixture of ethanol and acetic acid (3:1) and stored in 70% ethanol. The squash method with staining by lacto-propionic orceine followed Dyer (1963) . Determination of ploidy level by flow cytometry followed Krahulcová, Papoutková & Krahulec (2004) .
BREEDING SYSTEM
The mode of reproduction was tested in ten cultivated plants per species; if more than one population per species was collected, the plants studied originated proportionally from all such populations. The top portions of unopened flower buds containing anthers and stigma were sliced off with a razor. Heads were than bagged to prevent loss of achenes. Fully developed achenes were considered to be the result of agamospermous mode of reproduction. Differences in the percentage of fully developed (viable) achenes were assessed by one way ANOVA.
MORPHOLOGICAL ANALYSIS
Altogether 25 quantitative characters (Table 2) were measured or scored on herbarium material from our own collections. Two datasets were used in the analyses: (1) a complete dataset that included all plants and all variables (matrix A), and (2) a reduced dataset that included plants attributed a priori to H. chrysostyloides, H. decipiens and H. vapenicanum and all variables (matrix B). Data analysis was performed in the following steps:
1. The normality of the distribution of all characters was tested using the Shapiro-Wilks test. Pearson and nonparametric Spearman correlation coefficients were calculated on the matrix of the whole material and on the individual matrices of taxa distinguished a priori. 2. Two canonical discriminant analyses (CaDA) were performed based on individual plants and populations as groups. The first one was based on the full dataset (matrix A) and the second one on the reduced dataset (matrix B). 49°12′30′′N, 19°59′10′′E, 24.viii.1997, P. Mráz (cult. nos. 491, 493, 494, 496) . 3. principal component analysis (PCA; Sneath & Sokal, 1973; Krzanowski, 1990 ) based on a correlation matrix of characters and individual plants as OTUs (operational taxonomic units) was conducted (based on matrix A), to elucidate morphological homogeneity of the taxa recognized a priori. 4. Exploratory data analysis (EDA) was performed on the data matrices of the six recognized taxa. Within each group, the mean, standard deviation, and 5% and 95% percentiles were computed for each character.
The numerical analyses were computed using statistical packages SYN-TAX 2000 (Podani, 2001) , SAS, v.8 (SAS Institute, 2000) and STATISTICA (StatSoft, 1998) . ALLOZYME ANALYSIS Young leaves of cultivated plants were used. Plant material was ground in extraction buffer generally according to Kato (1987) with some modifications: 0.1 M Tris-HCl (pH 8.0), 70 mM mercaptoethanol, 26 mM sodium metabisulfite, 11 mM L-ascorbic acid, 4% (w/v) soluble PVP-40, pH-adjusted after the addition of the ascorbate. Crude homogenates were centrifuged for 10 min at 15 000 r.p.m. Clear supernatant was stored in a deep freeze at −75 °C. The PAGE was carried out using separating gel (8.16%) with the buffer 1.82 M Tris-HCl, pH 8.9; the stacking gel (4.0%) with the buffer (0.069 M Tris-HCl, pH 6.9); the electrode buffer was 0.02 M Tris, 0.24 M glycine, pH 8.3. The following enzymes were analysed: AAT (Aspartate aminotransferase, EC 2.6.1.1), LAP (Leucine aminopeptidase, EC 3.4.11.1), PGM (Phosphoglucomutase, EC 5.4.2.2), 6-PGDH (6-phosphogluconate dehydrogenase, EC 1.1.1.44), and SKD (Shikimate dehydrogenase, EC 1.1.1.25).
The staining procedures followed Vallejos (1983) to visualize 6-PGDH and SKD, and Wendel & Weeden (1989) for PGM and EST, with the following modifications: 6-PGDH (0.1 M tris-HCl, pH 8.4, 30 mg 6-phosphogluconic acid), SKD (0.1 M tris-HCl, pH 8.4), colorimetric EST (Na-phosphate buffer pH 6.45, 25 mg β-naphthyl phosphate, 50 mg Fast Blue BB), PGM (24 mg MgCl 2 , 50 mg glucose-1-phosphate, 10 mg NADP). Visualization of LAP was performed using buffer 0.2 M tris-maleate pH 6. The gel was rinsed with the buffer and then incubated for 10 min in a solution of 30 mL of the buffer, 40 mg L-leucyl-β-naphthylamide, HCl (in 50% acetone) and 60 mg MgCl 2. Then 25 mg Fast Black K Salt in 30 mL of the buffer was added. The gel was incubated in the dark until bands appeared. Two staining solutions were prepared for AAT: A (20 mL 0.1 M tris-HCl, pH 8.4, 240 mg aspartic acid, 40 mg α-ketoglutaric acid) and B (20 mL 0.1 M tris-HCl, pH 8.4, 50 mg Fast Blue BB Salt, 50 mg Fast Violet B, 25 mg pyridoxal-5-phosphate). Solution A was prepared at least 15 min before application. The gel was rinsed in water and then in buffer tris-HCl pH 7. Solutions A and B were mixed and poured onto gel. The gel was incubated in the dark at 32 °C until bands appeared. It was then rinsed and fixed (1:1:3:5, glycerine, acetic acid, H 2 O, methanol).
As a consequence of the complex 'nonsegregating' banding pattern in our agamospermous taxa, patterns were compared with those produced by closely related 7/2, Koprov 2 Sk: Vysoké Tatry Mts., Stary Smokovec: Vel'ká Studená dolina valley, 4.5 km north-north-west of village, 1550 m a.s.l., 49°10′32′′N, 20°11′50′′E, 13.viii.1996, P. Mráz (cult. nos. 211, 213, 225) . (Kirschner & Chrtek, unpubl. data) . We used an approach indicating no increase in locus number for agamosperms; interpretation was accomplished by assigning bands within a prescribed 'zone' to a locus corresponding to 'zones' occupied by individual loci for sexual species. According to the migration distance, alleles at a particular locus were marked by lowercase letters (a,b…), corresponding to alleles identified in previous studies in Hieracium sect. Alpina (Mráz, Chrtek & Kirschner, 2001; Ttorchová et al., 2002) . For each multilocus genotype (genotypes correspond to taxa delimited a priori) the average number of alleles per locus (A) and observed heterozygosity (H O ) were calculated. Nei's standard genetic distances between all pairs of multilocus genotypes were calculated using the program FREETREE (Pavlídek, Hrdá & Flégr, 1999) . The distance matrix was subjected to principal coordinate analysis (PCoA), using the programs SYN-TAX 2000 (Podani, 2001 ) and STATISTICA (StatSoft, 1998) . Furthermore, Euclidean distances between all pairs of genotypes were calculated. Based on this matrix, UPGMA clustering method was performed, using the STATISTICA (StatSoft, 1998) program.
RESULTS
CHROMOSOMES AND MODE OF REPRODUCTION
We report here for the first time the chromosome number for H. vapenicanum (2n = 27, 17 plants from three populations). In 13 other plants, the triploid ploidy level was determined by flow cytometry. Previously reported chromosome counts (Chrtek, 1994 (Chrtek, , 1996 Mráz, 2001) were confirmed for H. decipiens (2n = 36), (Table 3) . One-way ANOVA did not show statistically significant differences among species at the P < 0.05 level.
MORPHOLOGICAL ANALYSES
Normality of the distribution of morphological characters and character correlations
All but two (PH and LL1) variables showed certain deviations from the normal distribution in the Shapiro-Wilks test. A very high correlation (exceeding the value 0.95) was found between characters TLL1 and ATLL1 (Spearman R = 0.98, Pearson coefficient = 0.98) and TLL2 and ATLL2 (Spearman R = 0.99, Pearson coefficient = 0.98). Therefore, characters TLL1 and TLL2 were removed from further analyses.
Discriminant analysis
In CaDA, based on individual plants and populations as groups performed on matrix A (the complete dataset), rather distinct separation of populations attributed a priori to Hieracium jarzabczynum, H. nigrescens and 'H. babiagorense' was achieved (Fig. 1) . The first canonical axis represents 55% of the variation among the groups, with the variables strongly contributing to the separation of plants along this axis (in descending order): WB, WL1, LL, HUL1, LSEH, GHP, BSL and MGL1. The second canonical axis accounts for 16% of variation among the groups. The variables highly correlated with this axis are: SEHP, LGH, LI, GHP and Ll. Finally, the third axis represents 12% of variation, the highly correlated variables with this axis are LSEH and LI (Table 4) . CaDA performed on matrix B (all populations attributed a priori to Hieracium chrysostyloides, H. decipiens and H. vapenicanum) showed a good separation of populations attributed to the particular species (Fig. 2) . Hieracium vapenicanum is well separated from Hieracium chrysostyloides and H. decipiens along the first canonical axis (most strongly correlated with LSEH, LGH, WB, LI, LL, WL1 and BSL), which accounts for 61% of variation among the groups. The population of H. chrysostyloides is separated along the second axis (most strongly correlated with SEHP, MWL1 and NBL, accounting for 18% of variation among the groups) ( Table 5) .
Principal component analysis
Two groups corresponding to the a priori recognized Carpathian species H. jarzabczynum and H. vapenicanum were revealed. However, the remaining samples did not show any clear structure, due to within-population variation (not shown).
Exploratory data analysis
The results of the evaluation of the variation of all characters in six taxa recognized on the basis of the previous analyses are given in was impossible due to either the complex banding pattern or insufficient staining. Among the interpreted loci, four were found to be polymorphic (Skd, Lap-1, Pgm-1, 6Pgdh-2), while Aat-2 is monomorphic in all populations studied (Table 7) . Six multilocus allozyme genotypes were detected corresponding to the taxa defined a priori (taxa of the . Assuming a geographical pattern of the variation, two alleles (Skd-1d, Pgm-1d) were only found in the Sudetic species, and four alleles in the Carpathian species. Measures of allelic variation (mean number of alleles per locus, and frequency of observed heterozygotes) are summarized in Table 8 . A dendrogram constructed from the corresponding Euclidean distances (Fig. 3) clearly separates H. koprovanum. In the remaining major cluster, two taxa from the Sudety Mountains (H. decipiens and H. chrysostyloides) are grouped together, and similarly also H. vapenicanum (the Carpathians) with H. nigrescens (the Sudety Mountains). The PCoA scatterplot based on Nei's standard distances (Fig. 4) shows a group formed by H. nigrescens and H. vapenicanum, separated along the first coordinate. Hieracium jarzabczynum is separated along the second coordinate; the remaining species are only loosely grouped.
DISCUSSION CHROMOSOME NUMBERS, MODE OF REPRODUCTION
We confirmed the previously reported diversity of ploidy levels in the H. nigrescens group. A similar pattern of cytological diversity in the H. nigrescens group has been detected in the British Isles (Stace et al., 1995;  further counts from the British Isles were published by Mills & Stace, 1974 and Morton, 1974) . Both triploid and tetraploid counts were reported for H. nigrescens (agg.) from the North Ural (Komi Autonomous Republic, north-west Russia; Lavrenko, Serditov & Ulle, 1988; 1990) and from Iceland (Löve, 1970) . Recently Schuhwerk & Lippert (1999) published 2n = 27 for H. nigrescens ssp. cochleare (Huter) Zahn from the Bavarian Alps.
The percentage of fully developed achenes did not vary substantially among the species. Similar percentages have been reported by Ttorchová et al. (2002) in several species of the Hieracium fritzei group. Empty achenes can be explained in several ways. Besides the possibility of meiotic development of the archesporial cell and a lack of fertilization, the empty achenes are much more likely explained by environmental conditions or the improper cutting of the upper part of the flowering buds.
GENETIC DIVERSITY
We have found no allozyme variation within species distinguished a priori: each consists of one unique allozyme genotype. 'Hieracium babiagorense' shares the same allozyme genotype with H. jarzabczynum. However, we are aware that more sensitive methods/ markers might reveal genetic differences. Thus, the morphologically distinguishable taxa (treated here at the species rank) represent single genotypes fixed through agamospermy, which became rather widespread or at least scattered in the Sudety Mountains and Western Carpathians. Except for H. decipiens, each species has at least one unique allele; two alleles were found to be unique to the Sudety Mountains and four to the Carpathians. Genetic homogeneity seems to be a case of many Hieracium species (in the narow sense), mostly of those supposed to be of hybrid origin (Shi et al., 1996; Stace, Gornall & Shi, 1997; Gornall, 1999; Mráz et al., 2001; Ttorchová et al., 2002) . On the other hand, considerable genetic variation was found in nonhybrid 'basic' species Hieracium alpinum (triploid, agamospermous) in the Carpathians (Ttorchová et al., 2002) , the Krkonote Mountains (the Sudety Mountains; Chrtek & Pladková, 2005) , the Alps and the British Isles (Shi et al., 1996; Stace et al., 1997) . Some level of genetic variation has also been found in several hybrid species of Hieracium sect. Alpina (Shi et al., 1996; Mráz et al., 2001; Ttorchová et al., 2002) and in the progeny of three endemic Hieracium microspecies from Wales (Lledó & Rich, 2004) . 
nigrescens).
Differences in ploidy level support the separation of H. chrysostyloides (2n = 45) and H. decipiens (2n = 36). Generally, tetraploids are the most common ploidy level within the Hieracium nigrescens group. The chromosome number 2n = 3x = 27 found in H. vapenicanum is rather rare in the group in Central Europe and contributes to the separation of this taxon.
Further differences were detected in pollen production and the size of pollen grains (J. Chrtek and P. Mráz, unpubl. data 
